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Hippocampal GABAA Receptor and Pain  
Sensitivity during Estrous Cycle in the Rat 
 

 
Abstract 
Background: Estradiol and progesterone as well as hippo-
campal GABAA receptors are believed to play a role in the 
modulation of pain. The aim of present study was to investi-
gate the effect of intrahippocampal injections of GABAA re-
ceptor agonist (muscimol) and GABAA receptor antagonist 
(picrotoxin) on pain sensitivity during estrous cycle.  
 
Methods: Pain sensitivity was evaluated in rats by formalin 
test during all stages of estrous cycle. Animals were divided 
into five groups including; 1- control (intact animal); 2- sham 
1 receiving 0.75 µl artificial cerebrospinal fluids (ACSF); 3- 
sham 2 receiving 0.75 µl alcoholic ACSF; 4- experimental 1 
receiving 250 or 500 µg/rat of muscimol in 0.75 µl vehicle, 
and 5- experimental 2 receiving 20 or 30 µg/rat picrotoxin in 
0.75 µl vehicle. Data were analyzed by Kruskal-Wallis fol-
lowed by Tucky's test for pairwise comparisons using a  
P value of ≤0.50 for statistical significance.  
 
Results: Muscimol significantly (P<0.05) decreased pain sen-
sitivity in all stages of estrous cycle, and the analgesic effect 
was higher during proestrus and estrus stages of estrous cycle 
than that during metestrus and diestrus stages. Picrotoxin sig-
nificantly (P<0.05) increased pain sensitivity in all stages of 
estrous cycle, and such a hyperalgesic effect was lower during 
proestrus and estrus stages of estrous cycle than that during 
metestrus and diestrus stages.  
 
Conclusion: The findings of the present study indicate that 
the role of hippocampal GABAA receptor in the control of 
the pain sensitivity can be modulated by variation in gonadal 
steroids during different stages of the estrous cycle. 
Iran J Med Sci 2011; 36(4): 289-295. 
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Introduction

There is now strong evidence for sex differences in sensitivity 
to pain and analgesia. These differences imply that gonadal 
steroid hormones such as estradiol and testosterone modulate 
the sensitivity to pain and analgesia.1 Terner et al suggested that 
the phase of the menstrual cycle might alter the effectiveness of 
certain opioids administered to relieve pain in women.2 She-
kunova and Bespalov suggested that pain management 
strategies could be optimized through the use of sex- and es-
trous cycle-specific techniques.3 
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Inhibitory mechanisms are essential in sup-
pressing the development of allodynia and hy-
peralgesia in a normal animal, and there is evi-
dence that loss of inhibition can lead to the de-
velopment of neuropathic pain. A great deal of 
effort has been expended in attempting to define 
the role of GABA in mediating the transmission 
and perception of pain.4 Lovick and colleagues 
reported that the plasticity of GABAA receptor 
subunit expression occurs during the estrous 
cycle of the rat.5 In addition, GABA neurons and 
receptors are found in supraspinal sites known to 
coordinate the perception and response to pain-
ful stimuli, and this neurotransmitter system has 
been shown to regulate the control of sensory 
information processing in the spinal cord.6 Be-
havioral studies have indicated that GABAergic 
modulation is involved in the opioid-induced anti-
nociception in the ventrolateral orbital cortex.7 
Lee and co-workers suggested that although the 
impairment in spinal GABAergic inhibition may 
play a role in the mediation of neuropathic pain, it 
is not accomplished by the quantitative change in 
spinal elements for GABAergic inhibition, and 
therefore these elements are not related to the 
generation of neuropathic pain following periph-
eral nerve injury.8 

There are now several reports that a rapid 
decline in progesterone is associated with 
changes in GABAA receptor subunit expres-
sion in diverse regions of the female rat 
brain.9 There is a sex difference in response 
to GABAA receptor-mediated injury in the de-
veloping hippocampus, also endogenous es-
tradiol concentrations are the same in neona-
tal male and female hippocampus.10 Hippo-
campal volume was increased by either pain 
or stress, which may be due to edema.11 The 
opposite modulatory effects in acute and 
chronic pain states suggest that there exists a 
functional switch for the primary sensory cor-
tex at different stages of pain disease, which 
is of great significance for the biological adap-
tation.12 The aim of the present study was to 
investigate the effects of intrahippocampal 
injection of muscimol (GABAA receptor ago-
nist) and picrotoxin (GABAA receptor antago-
nist) on pain sensitivity during estrous cycle. 
 
Materials and Methods 
 
Animals 

Thirty five female Sprague Dawly rats 
weighing 200-220g were used. Food and water 
were made available ad libitum, under a 12 h 
light/dark cycle (light on at 6 a.m.) and con-
trolled temperature (20±4°C). The protocol of 
the study was approved by the institutional 

Committee for the Care and Use of Animal. 
Before experiment, different stages of es-

trous cycle were detected by microscopic ex-
amination of vaginal smear based on the rela-
tive frequency of leukocyte, cornified and nu-
cleated epithelial cells.13 Pain sensitivity was 
examined by formalin test.14  

Animals were divided into five groups. 1-
control group comprised of intact animal (n=5), 
2- sham 1 (n=5) assigned to receive 0.75 µl 
artificial cerebrospinal fluids (ACSF), 3- sham 2 
assigned to receive 0.75 µl alcoholic ACSF 
(n=5), 4- experimental1 allocated to receive 
0.75 µl of muscimol 250 or 500 µg/rat (n=10), 
and 5- experimental 2 assigned to receive 0.75 
µl of picrotoxin 20 or 30 µg/rat (n=10). Picro-
toxin was solved in alcohol, so the sham 2 
group was used to make the comparison with 
picrotoxin more rational. The doses of the 
drugs used were according to one of our previ-
ous studies.15 In all animals, formalin test was 
performed in all stages of estrous cycle. 
 
Formalin Test 

Five minutes after the injection of ACSF or 
drugs 50 µl of 2.5% formalin solution was in-
jected subcutaneously into the planar surface 
of hind paw using a gauge 30 needle. Forma-
line-induced pain was scored in blocks of five 
minutes every 15 seconds during 60 minutes 
using the following scoring system. The in-
jected paw is not favored; 0, the injected paw 
has little or no weight on it; 1, the injected paw 
is elevated and is not in contact with any sur-
face;2, and the injected paw is licked, bitten or 
shaken; 3.16 The records of the first 10 minutes 
were considered as phase 1 of formalin test, 
and the records after the first 10 minutes was 
considered as phase 2 of the test.  

 
Surgery 

The rats were anesthetized with IP injec-
tions of Ketamine 35 mg/kg and Xylazine 5 
mg/kg. Afterwards, they were mounted in a 
sterotaxic instrument (stoelting, USA) and a 
cannula (gauge 23) was implanted unilaterally 
at hippocampus (AP: 3.5 mm behind the 
Bregma, lateral: 3.1 mm and vertical: 4.5 mm 
from cerebral cortex). Two screws were placed 
in the skull, and each cannula was anchored 
into place with dental cement poured around 
the outer cannula and screws. A stainless steel 
bar extending just beyond the tip of the can-
nula was inserted and left in place until injection. 
The animals were allowed to recover for at 
least seven days after the surgery.17 After all 
tests, rats were given a lethal administration of 
ether. The microinjection site was marked by 
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injection of Cresyl Violet (0.2 µl) into the hippo-
campus. The brain was removed, placed in 
formalin (10%). Coronal section was prepared 
to determine the accuracy of the surgery. The 
data of animals, in which that cannulation was 
not correct, were removed.  
 
Data Analysis 

Number of rats was determined according 
to a pilot study using the following formula: 

 

n=[(Zα+Zβ)SD/mean difference]×2 
 

using Zα=1.96, Zβ=0.84, SD=0.06, and mean 
difference of 0.07 yielded a sample size of 4.62 
for each group, therefore a sample of five rats 
were included in each group. Data, presented 
as mean±SD, were analyzed by Statistical 
Package for Social Sciences (SPSS, version 
18). They were analyzed separately for each 
group with Kruskal-Wallis nonparametric test. 
In case of significant results with Kruskal-
Wallis test, pairwise comparisons were made 
using Tukey test. A P value of ≤0.05 was con-
sidered statistically significant. 
 
Results 
 
The Effects of Muscimol  

Intrahippocampal injection of muscimol 

(250 µg/rat) significantly decreased the level of 
pain in phase 1 of formalin test during proes-
trus (P=0.008) and estrus (P=0.000) stages of 
estrous cycle (figure 1). Intrahippocampal in-
jection of muscimol (250 and 500 µg/rat) sig-
nificantly decreased the level of pain in phase 1 
of formalin test during metestrus (P=0.000) and 
diestrus (P=0.000) stages of estrous cycle (figure 
1). Intrahippocampal injection of muscimol (250 
and 500 µg/rat) significantly decreased the level 
of pain in phase 2 of formalin test during proes-
trus (P=0.000), estrus (P=0.004) and metestrus 
(P=0.000) stages of estrous cycle, whereas no 
significant change in the level of pain was ob-
served during diestrus stage of estrous cycle 
(figure 1). The analgesic effect of muscimol was 
significantly (P=0.004) higher during proestrus 
and estrus than during metestrus and diestrus 
stages of estrous cycle (figure 1). 
 
The Effects of Picrotoxin 

Intrahippocampal injection of picrotoxin (20 
µg/rat) significantly increased the level of pain 
in phase 1 of formalin test during proestrus 
(P=0.000), estrus (P=0.035) and diestrus 
(P=0.003) stages of estrous cycle (figure 2). 
Intrahippocampal injection of picrotoxin (30 
µg/rat) significantly increased the level of pain 
in phase 1 of formalin test during metestrus 
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Figure 1: Effects of muscimol on pain score in formalin test during different stages of estrous cycle in the rat. 
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(P=0.000) stage of estrous cycle (figure 2). 
Intrahippocampal injection of picrotoxin (20 
and 30 µg/rat) significantly increased the level 
of pain in phase 2 of formalin test during proes-
trus (P=0.000), estrus (P=0.000) and diestrus 
(P=0.000) stages of estrous cycle (figure 2), 
whereas no significant changes in the level of 
pain was seen during metestrus (P=1.000) 
stage of estrous cycle (figure 2). Hyperalgesic 
effect of picrotoxin was significantly (P=0.004) 
higher during metestrus and diestrus than dur-
ing proestrus and estrus. 
 
Discussion  
 
Formalin test is a valuable method to study 
nociception. In rats, responses in two distinct 
stages of the formalin test may be used to ad-
dress different aspects of nociception. The first 
stage of the test seems to be due to direct 
chemical stimulation of nociceptors, whereas 
the second stage is dependent on peripheral 
inflammation and changes in central process-
ing.18 Da Silva and co-workers,19 demonstrated 
that the antinociceptive effect of the opioids in 
the rostral ventromedial medulla could be me-
diated by disinhibition of tonically active 

GABAergic interneurons in the downstream 
projection neurons of the descending pain con-
trol system. This indicates an interaction be-
tween the opioidergic and GABAergic path-
ways of pain modulation.19 On the other hand, 
Griffiths and Levick reported that the fall of 
progesterone levels during estrous cycle in-
duces changes in the expression of GABAA 
receptor subunit, which may lead to an in-
crease in the excitability of neuronal circuitry in 
periaqueductal gray matter.20 

In the present investigation, muscimol de-
creased the levels of pain in all stages of es-
trous cycle. Lee and Lim reported that musci-
mol had anti-allodynic and anti-thermal hyper-
algesic effects.21 Naik and colleagues reported 
that two GABAA receptor agonists, muscimol 
and 4,5,6,7-tetrahydroisoxazolo[5,4-c]pyridin-
3-ol, applied to the L5 dorsal root ganglion at 
the time of a sciatic nerve crush injury, caused 
long-lasting alleviation of thermal hyperalgesia 
in a dose-dependent manner. When muscimol 
was applied to the dorsal root ganglion of 
trauma-injured peripheral nerves after neuro-
pathic pain was being fully developed, its pain-
alleviating effects, although significant, were 
short-lived. These findings indicate that exoge-
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Figure 2: Effect of picrotoxin on pain score in formalin test during different stages of estrous cycle in the rat. 
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nous GABAA receptor modulation of the dorsal 
root ganglion is important in the development 
and maintenance of chronic pain. Under nor-
mal conditions, tonic GABA-mediated inhibition 
of the afferent inputs modulates sensory proc-
essing. By acting both pre- and postsynapti-
cally, GABA exerts tonic modulation of no-
ciceptive neurotransmission between primary 
afferents and second-order spino-thalamic 
tract neurons.22 Sheng et al found that ventro-
lateral orbital cortex application of the GABAA 
receptor agonist muscimol (250 ng) or 4,5,6,7-
tetrahydroisoxazolo[5,4-c]pyridin-3-ol (1.0 µg) 
significantly attenuated the quinpirole-induced 
tail flick reflex inhibition.23 

In the present study picrotoxin increased 
pain sensitivity in all stages of estrous cycle. 
Naik et al reported that two GABAA receptor 
antagonists, bicuculline and picrotoxin, applied 
to the lumbar 5 of the dorsal root ganglion at 
the time of a sciatic nerve crush injury, caused 
long-lasting exacerbation of thermal hyperal-
gesia in a dose-dependent manner. Further-
more, muscimol-induced alleviation of thermal 
and mechanical hyperalgesia, and 4,5,6,7-
tetrahydroisoxazolo[5,4-c]pyridin-3-ol -induced 
alleviation of thermal hyperalgesia were com-
pletely reversed by bicuculline.22 Sheng et al 
found that ventrolateral orbital cortex applica-
tion of the GABAA receptor antagonist bicu-
culline or picrotoxin (100 ng) enhanced the 
quinpirole-induced inhibition of the tail flick re-
flex. Oral administration of chrysin (75 mg/kg) 
also produced a hyperalgesic effect in the tail-
immersion test.24 

In the present investigation, analgesic effect 
of muscimol was higher in proestrus and estrus 
than that in metestrus and diestrus. Favaro-
Moreira et al have reported that high physio-
logical estradiol level during the proestrus 
phase of the estrous cycle, or systemic estra-
diol administration in ovariectomized rats de-
creases formalin-induced temporomandibular 
joint nociception. These findings suggest that 
estradiol decreases temporomandibular joint 
nociception in female rats through a peripheral 
non-genomic activation of the nitric oxide-cyclic 
guanosine monophosphate signaling pathway.25  

Hyperalgesic effect of picrotoxin was more in-
tense in metestrus and diestrus than in proestrus 
and estrus. Decreasing levels of progesterone 
during late diestrus may, therefore, be a pre-
disposing factor for the development of stress-
induced hyperalgesia in females.26 

Watanabe et al suggest that GABA depolar-
izes neurons of gonadotropin releasing hor-
mone (GnRH) by activating GABAA receptors, 
thereby activating voltage-gated Ca2+ channels 

and facilitating Ca2+ influx. In addition, the re-
sponse to GABA is modulated according to the 
estrous cycle stage, diurnal rhythm, and sex.27 
Akema et al supported the hypothesis that di-
minution of the GABAergic suppressive activity 
in the medial preoptic area permited the LH 
surge to be induced.28 

Torres-Reveron et al demonstrated that es-
trogen levels positively regulated the availabil-
ity of Mu opioid receptors on GABAergic in-
terneurons in the dentate gyros, suggesting a 
cooperative interaction between opioids and 
estrogens in modulating principal cell excitabil-
ity.29 These results indicated that estrogen sta-
tus differentially affected morphine modulation 
of temporomandibular joint unit activity in su-
perficial, but not deep laminae at the trigeminal 
subnucleus caudalis junction in female rats. 
The site(s) for estrogen influence on morphine-
induced modulation of temporomandibular unit 
activity was probably outside the medullary 
dorsal horn.30 These results show that ova-
riectomy induces a hyperalgesic state of slow 
onset and long duration that can be reversed 
by estrogen. Also, Sanoja and Cervero have 
observed no modulation of pain sensitivity at 
different stages of estrous cycle in normal 
animals.31 

Although gonadectomy and steroid re-
placement are frequently used to examine the 
role of gonadal steroids in nociception and an-
tinociception, it is important to note that steroid 
replacement does not actually mimic the hor-
monal milieu of the intact female. Thus, the 
roles of various steroid hormones deduced 
from studies of steroid-replaced females do not 
necessarily tell us what these hormones do in 
a normal, gonadally intact female whose ster-
oid levels are constantly changing.32 

The analgesic effect of Muscimol was high 
in proestrus and estrus stage of the estrous 
cycle, during which estrogen, progesterone, LH 
and FSH are in peak levels,33 and 3α- hy-
droxyl-5α-pregnan-20-one (3α-5α- THP) is 
also elevated.34 
 
Conclusion  
 
The findings of the present study demonstrate 
that the analgesic effects of  muscimol is low 
during the metestrus and diestrus stage of the 
estrous cycle, when progesterone is elevated 
and estrogen and LH levels are low. They also 
show that hyperalgesic effect of picrotoxin is 
low in the proestrus and estrus stages, when 
concentrations of progesterone and estradiol 
are high, and high in the metestrus and dies-
trus stages, when concentrations of progester-
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one and estradiol are low. The findings might 
suggest that estrogen and progesterone might 
somehow have the ability to reduce the sensi-
tivity to pain. 
 
Acknowledgment 
 
The authors would like to appreciate the finan-
cial support of the study by The Vice-
presidency for Research, Shiraz University.  
 
Conflict of Interest: None declared 
 
References 
 
1 Craft RM, Mogil JS, Aloisi AM. Sex differ-

ences in pain and analgesia: the role of 
gonadal hormones. Eur J Pain 2004; 8: 
397-411. 

2 Terner JM, Lomas LM, Picker MJ. Influ-
ence of estrous cycle and gonadal hor-
mone depletion on nociception and opioid 
antinociception in female rats of four 
strains. J Pain 2005; 6: 372-83. 

3 Shekunova EV, Bespalov AY. Estrous cy-
cle stage-dependent expression of acute 
tolerance to morphine analgesia in rats. 
Eur J Pharmacol 2004; 486: 259-64. 

4 Zeilhofer HU, Möhler H, Di Lio A. GABAer-
gic analgesia: new insights from mutant 
mice and subtype-selective agonists. 
Trends Pharmacol Sci 2009; 30: 397-402. 

5 Lovick TA. Plasticity of GABAA receptor 
subunit expression during the oestrous cy-
cle of the rat: implications for premenstrual 
syndrome in women. Exp Physiol 2006; 
91: 655-60. 

6 Enna SJ, McCarson KE. The role of GABA 
in the mediation and perception of pain. 
Adv Pharmacol 2006; 54: 1-27. 

7 Morgan MM, Clayton CC, Lane DA. Be-
havioral evidence linking opioid-sensitive 
GABAergic neurons in the ventrolateral pe-
riaqueductal gray to morphine tolerance. 
Neuroscience 2003; 118: 227-32. 

8 Lee J, Back SK, Lim EJ, et al. Are spinal 
GABAergic elements related to the mani-
festation of neuropathic pain in rat? Ko-
rean J Physiol Pharmacol 2010; 14: 59-69. 

9 Rhodes ME, Frye CA. Actions at GABA (A) 
receptors in the hippocampus may medi-
ate some antiseizure effects of progestins. 
Epilepsy Behav 2005; 6: 320-7. 

10 Nunez JL, McCarthy MM. Resting intracel-
lular calcium concentration, depolarizing 
Gamma-Aminobutyric Acid and possible 
role of local estradiol synthesis in the de-
veloping male and female hippocampus. 

Neuroscience 2009; 158: 623-34. 
11 Duric V, McCarson KE. Hippocampal neu-

rokinin-1 receptor and brain-derived neuro-
trophic factor gene expression is de-
creased in rat models of pain and stress. 
Neuroscience 2005; 133: 999-1006. 

12 Wang N, Wang JY, Luo F. Corticofugal 
outputs facilitate acute, but inhibit chronic 
pain in rats. Pain 2009; 142: 108-15. 

13 Eldridge JC, Wetzel LT, Tyrey L. Estrous 
cycle patterns of Sprague-Dawley rats dur-
ing acute and chronic atrazine administra-
tion. Reprod Toxicol 1999; 13: 491-9. 

14 Soleimannejad E, Naghdi N, Semnanian 
S, et al. Antinociceptive effect of intra-
hippocampal CA1 and dentate gyrus injec-
tion of MK801 and AP5 in the formalin test 
in adult male rats. Eur J Pharmacol 2007; 
562: 39-46. 

15 Taherianfard M, Godarzi S, Fazeli M. Ef-
fect of intracerebrospinal injection of mus-
cimol and picrotoxin on pain sensitivity dur-
ing estrous cycle. Iranian Veterinary Jour-
nal 2009; 5: 40-9. 

16 Abbott FV, Franklin KB, Westbrook RF. 
The formalin test: scoring properties of the 
first and second phases of the pain re-
sponse in rats. Pain 1995; 60: 91-102. 

17 Soignier RD, Vaccarino AL, Brennan AM, 
et al. Analgesic effects of endomorphin-1 
and endomorphin-2 in the formalin test in 
mice. Life Sci 2000; 67: 907-12. 

18 Tjølsen A, Berge OD, Hunskaar JH, Hole 
K. The formalin test: an evalution of the 
method. Pain 1992; 51: 5-17. 

19 da Silva LF, Coutinho MR, Menescal-de-
Oliveira L. Opioidergic and GABAergic 
mechanisms in the rostral ventromedial 
medulla modulate the nociceptive re-
sponse of vocalization in guinea pigs. 
Brain Res Bull 2010; 82: 177-83. 

20 Griffiths JL, Lovick TA. GABAergic neu-
rones in the rat periaqueductal grey matter 
express alpha4, beta1 and delta GABAA 
receptor subunits: plasticity of expression 
during the estrous cycle. Neuroscience 
2005; 136: 457-66. 

21 Lee IO, Lim ES. Intracisternal or intrathe-
cal glycine, taurine, or muscimol inhibit bi-
cuculline-induced allodynia and thermal 
hyperalgesia in mice. Acta Pharmacol Sin 
2010; 31: 907-14. 

22 Naik AK, Pathirathna S, Jevtovic-
Todorovic V. GABAA receptor modulation 
in dorsal root ganglia in vivo affects chron-
ic pain after nerve injury. Neuroscience 
2008; 154: 1539-53. 

23 Sheng HY, Qu CL, Huo FQ, et al. D2-like 



Hippocampal GABAA receptor, estrus cycle and pain 
 

Iran J Med Sci December 2011; Vol 36 No 4 295 

but not D1-like dopamine receptors are in-
volved in the ventrolateral orbital cortex-
induced antinociception: a GABAergic 
modulation mechanism. Exp Neurol 2009; 
215: 128-34. 

24 Zhai K, Hu L, Chen J, et al. Chrysin in-
duces hyperalgesia via the GABAA recep-
tor in mice. Planta Med 2008; 74: 1229-34. 

25 Fávaro-Moreira NC, Torres-Chávez KE, 
Fischer L, Tambeli CH. Peripheral estradiol 
induces temporomandibular joint antino-
ciception in rats by activating the nitric ox-
ide/cyclic guanosine monophosphate sig-
naling pathway. Neuroscience 2009; 164: 
724-32. 

26 Devall AJ, Liu ZW, Lovick TA. Hyperalge-
sia in the setting of anxiety: sex differences 
and effects of the oestrous cycle in Wistar 
rats. Psychoneuroendocrinology 2009; 34: 
587-96. 

27 Watanabe M, Sakuma Y, Kato M. GABAA 
receptors mediate excitation in adult rat 
GnRH neurons. Biol Reprod 2009; 81: 
327-32. 

28 Akema T, He D, Sugiyama H. Lipopolysac-
charide increases gamma-aminobutyric acid 
synthesis in medial preoptic neurones in as-
sociation with inhibition of steroid-induced lu-
teinising hormone surge in female rats. J 
Neuroendocrinol 2005; 17: 672-8. 

29 Torres-Reveron A, Williams TJ, Chapleau 
JD, et al. Ovarian steroids alter mu opioid 
receptor trafficking in hippocampal parval-
bumin GABAergic interneurons. Exp Neu-
rol 2009; 219: 319-27. 

30 Tashiro A, Okamoto K, Bereiter DA. Mor-
phine modulation of temporomandibular 
joint-responsive units in superficial laminae 
at the spinomedullary junction in female 
rats depends on estrogen status. Eur J 
Neurosci 2008; 28: 2065-74. 

31 Sanoja R, Cervero F. Estrogen modulation 
of ovariectomy-induced hyperalgesia in 
adult mice. Eur J Pain 2008; 12: 573-81. 

32 Stoffel EC, Ulibarri CM, Craft RM. Gonadal 
steroid hormone modulation of nocicep-
tion, morphine antinociception and repro-
ductive indices in male and female rats. 
Pain 2003; 103: 285-302. 

33 Fillingim RB, Ness TJ. Sex-related hormo-
nal influences on pain and analgesic re-
sponses. Neurosci Biobehav Rev 2000; 
24: 485-501. 

34 Frye CA, Vongher JM. 3alpha, 5alpha-THP 
in the midbrain ventral tegmental area of 
rats and hamsters is increased in exoge-
nous hormonal states associated with es-
trous cyclicity and sexual receptivity. J En-
docrinol Invest 1999; 22: 455-64. 

 


